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ABSTRACT 

Described for Federal and State policy oakers is an 
analytic ©odel of special education (SE) manpower incorporating 
questionnaire data from 1,173 SE students and 2,068 SE teachers. The 
model is reported to encompass the following 13 states or definable 
conditions: undergraduate training; five states each for 
undergraduate and masters degree levels consisting of full-time 
teacher in SE, full-time teacher in SE and part*time school 
attendance for a higher degree, full-time student, out of SE and 
part-time student, and out of SE ana no school attendance; and two 
sxates (in or out of the SE field) at the post-masters degree level. 
Methodology is given to include categorization of students by the 
three educational levels according to the specialty areas of sensory 
disorders, learning disorders, and other specialties; and 
categorization of teachers on bases such as representation from 26 
states and school di/itricts. Noted is use of career data such as 
length of time in jobs and nature of current position. Analysis of 
version 1 (state probabilities) involving matrix computation is 
explained through results indicating that of 128 female teachers 
specializing in sensory disorders^ 48 teach full-time yith an 
undergraduate degree, 49 teach with a masters degree, one teacljer in 
the field has a doctorate, four teachers are in school full-time, and 
four teachers have left the field. Explained is analysis by version 2 
(incorporating time in state) involving ways to interpret movement of 
teachers in the field. Given are examples of model operations such as 
projecting the current states ahead for 1 year, (HC) 
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Arlliur Mass, Ji\ 

INTUODUCTION 

This papci^ is a revision of part of the final report of an evaluation study 
of Federal Programs to Increase the Poo] of Special Education Teachers. These 
programs arc conducted under Title VI, Part D, of Public Law 91-230 by the 
Bureau of Education for the Handicapped (BEH). The fundamental federal 
objective is to provide an equal educational opportunity to all handicapped 
children. The thrust of the Bureau's efforts has been in two major directions: 
0) develojjmcnt of programs in the school systems and institutions to provide 
more Sjjecial Education services to children in need of them, and (2) development 
of training programs to increase the supply of personnel necessary to provide 
such services, 

ProgiMms of the latter type were the focus of the study, Grants have been 
provided to institutes of higher education for undergraduate traineeships at the 
junioi^ and senior level, and for graduate fellowships (Master's and post-Master's 
level). Universities and colleges have also been funded for summer traineeships, 



1, The research reported herciji was i)crformcd by RMC Research Corp. of 
Bothcsda, Md. , pursuant to a contract OEC-0-71-3V02 with the Office of Education, 
U.S. Department of Health, Educatioii and Welfare. Contractors undertaking such 
projects under government sponsorslup are encouraged to freely express their 
professional judgment in the conduct of tlie project. Points of view or opinions stated 
do not, therefore, necessarily represent official Office of Education position or policy. 

2, Mr, Carl J^lozan, forn\crly of RMC Kcsearcli, is now with the Food and Drug 
Administration. Mr, Hass is with RMC Research Corp. 
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special study institutes, and program dcvolopnicnt. In addition, grants can be 
provided to institutions of higher education to train personnel in physical educnlioj) 
and recreation for the handicapped. State education agencies (SivAs) are provided 
grants for undergTaduate traineeships, graduate fellowships, summer trainceships, 
special study institutes, and \vorl;shops. State education agencies and universities 
arc also eligible for special project grants to plan to try new models of training 
for Special Kdueation and to evaluate them. 

During fiscal 1971, 304 institutions were receiving P. L, 91-230 (Title VI, 
l^art 1)) funds and providing undergraduate trainceships to 1,783 students and 
graduate fellowshi]JS to 2, 814 students. In addition, funds channeled througli state 
education agencies provided direct support for 5,727 summer trainees and 11,850 
Institute trainees. ^ These levels of activity must be viewed in three perspectives: 
total training activity for Special Education, total ^'needs'^ for trained Special 
Education personnel, imd effective demand for such personnel. 

As to total traming activity, an increasing number of students have been enter- 
ing training for education of the handicappcd« It is estimated, for example, that 
2 

In 1968-G9 a total of 58,408 undergraduate aiid 2G, 162 graduate students, for a 

total of nearly 85,000 full-time and part-time or extension students were enrolled 

in preparation programs for education of the handicapped. This represented a 

370-pcrccnt increase in the munbcr of students enrolled in preparation pi*ograms 

between 19G1~G2 and 19G8-G9. 

As to need, it lias been estimated that 3. 75 million, or G2 percent of the six 

million handicapped children in the nation in 19G8-G9 received no appropriate 

3 

Special education service in that year. For the same year it was estimated that 



1. U. i^. Office of Education, BEU, ^bnu^nl Fvaluriiio n Uvpovt on education 
Programs , Jinuaiy, 1972. 

2. U, S. Office of Kducntion, BKil, SMAid_cnt5„ in 211^^ 
Educatio n of Il'indi capped Chjldrcn cmd 19GS-G9 (July, 19 VO). 

3. U, S. Dcpartmcjit of Health, Education ojkI Welfare, Pror^rnms for tl\e 
Handicapped, September 4, 1970. 



12'1,000 Special Kducalion teachers were available (n\d 323>000 additional teachers 
would be required to aeccnnniodato tlio luifillcd need. The relative gap between need 
and supply varies by typo of disability. The J3KU figures for 1968--G9 indieatcd that 
G2 poreent of the mentally retarded, 21 pcrceiit of hard of healing and deaf, 51 per- 
cent of the speech impaired, 34 percent of the visually handicaj^ped, 13 percent of 
the emotionally disturbed, 33 percent of the crippled, 15 percent of the other 
health-impaired, mad 2G percent of the niulti'-handicapped were receiving Special 
Kdueation services. 

Wliile university -based programs for Special Education teaeliers and graduates 
of these programs have increased, the shortage relative to needs is far from having 
been eliminated. This shortage, however, should also be viewed in light of the 
availability of jobs for vSpccial Education teachers. While the number of hondi- 
capped c)jildren can be translated into a need for teachers, as above, the true 
current demand for Special Education teachers must reflect the number of funded 
slots available. That is, consideration of the supply of Special Education teachers— 
which includes practicing teachers, new graduates, and other teachers receiving 
certification through specialised training—should take into account effective demand 
as well as need. 

BEH, like any other agency, must choose among alternative courses of action 
(program strnicgics) in ways that will maximize the impact of its limited funds, To 
do this, it must make judgments as to the effectiveness of current program strategics 
and the potential effectiveness of alternatives, Ilencc, the objectives of the study 
were: 

(1) to evaluate the impact of Title VI grants in order to determine what level 
or combination of levels of funding arc n\ost effective in increasing the 
pool of Special Education teachers, 

(2) to examine tlie career lustories of practicing Special Educatioia teachers 
in order to identify the most productive type of training programs, aiid 

(3) to assess aUcniate strategies available to BElf iri order to better utilize 
available funds fo3^ inerc'^sijig the pool of jjractieing Si^eeial iJducation 
teachers. 
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'J'hesc broad objcctivcK woro ])ur8ao{! l)y colled ing and analyzing- data from four 
main sources. One source was a mail survey of a sample of S])ccial Education 
undcrt;vaduato and graduate students funded by BKH (via universities and SEAs) in 
19G8-09» matched by a sample of S])ecial Education students at the same institutions 
who were not funded by liEH. Another was a mail survey of a sample of practicing 
Special Education teaehers intended to be as representative as possible of the 
natural Special Education teaelier pool, Otlicr sources were a survey of universities 
and state education agencies. 

Tins pa))er describes an analytic model of Special Education manj^ow^er tliat was 
developed to analy/>e tlic career histories of teaehers and students. The model 
provides a method for com|)uting the probabilities of tcacliors occupying certain 
outcome states after a given nun^ber of years since receiving Bachelor's, Master^ s, 
or post-Master's degrees. It will be slunvn that the model allows for an appraisal 
of the impact of liypothctieal changes in federal policy on the supply and retention 
of Special Education teachers. Included in this paper are additional analyses of 
the students and teachers, developed via the model, 

MODEL CONCEPT 

The model was develoi^cd to help assess the alternative federal strategies available 
and to trace the career liistories of teachers and students and is basod upon a Markov 
chain-type of analysis. Qiute simply^ Marlcov processes are concerned with the 
probability that a gi\'en entity (say a S]3ecial Education teacher) will change (or 
remain in) the state that (iefinos his or her position in the next definable time period. 
Thus, the probability tlrat a practicing teacher will leave the field in the next year or 
that a teacher out of the field will reenter the field in the next year are examples of 
changes in state. Indeed it may well be the case that a j)racticing teaclier will 
continue to be a practicing teacher or that a teacher who is ^'out" will remain ^'out'^ 
in the next year; such instances dei)ict a maintenance of tlie current slate in 
the next time junnod. 
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If the probabilities of changing'; from one state to another (or remaining in the 
same state) can be quruUiiicd, then career hl^storles of teachers can be traced 
and/or projected by use of the Markov process. Certain factors affecting a chiuige 
In state (such as rm increase in pay that might cause a decrease in the probability 
of leaving the fir^kl) can be examined via the model to ascertain their impact on the 
number of teachers ren:)nining in practice. 

The model operates in the following mamier* Figin^e 1 shows a simple three- 
time period (a year is the time period considered by the model) display of possible 
states for teaeliers reecivijig their undergraduate or Master's degree in year !• In 
year 1 there arc two po^jsible stales: 

51 - receives undergraduate degree, and 

52 - receives Master's degree. 

hi year 2 there are five possible sfatcs: 

53 - out of the field v/itli aai imdcrgraduato dcgreoj 

54 - in the field with au lUKlergraduatc degree; 

55 - m the field with mi undergraduate degree, but attending school part-time; 
SG -'in the field with a Master's degree; and 

57 - out of the field with a IMaster's degree, 

h\ year 3 there are four possible states: 

58 - out of the field witli an undei'gvaduatc degree, 

59 - in the field with aji undergraduate degree, 

510 in tlie field with a Master\s degree, and 

511 - out of the field with a Master's degree. 

The arrows connecting llie 11 slates sliow those changes that are possible. 
Tlius, a pcrso)! cannot elu'mge from slate SI (}'eccipt of imdergraduato degree) to 
state S7 (out of the field with a Master s degree) in the next time perioch Tliis re- 
flects the fact that, according to the definitions of the states in this ex ample , ai\ 
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Figure 1: 
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SliMPLF TIIRL'K-YKAU DISPLAY OF r05;SinLK STATES OF SPICCIAL 
EDUCATION TEACIIICIIS WITH UN DKllGllADUATF OR iMASTFTVS DEGUEJi: 
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undergraduate cojuiot receive a Mastev^s degroc without part-limr attendanee at ; 
a school (as denoted by .state S5). Similarly, movinsj from state S5 (in the field 
with an imdergraduato degree, bvU Nvith part--timc attenduiee at a school towardvS 
a Mastcr^s degree) to state vSlO (in the field with n Masler^s degree) implies that 
the teacher recoived the de[i'roe, while moving to state S9 (in the field uith an 
underjjraduate degree) implies that the degree being sought was not obtained. 
Accordingly, states S2, S6, S7, SIO, and Sll refer to all those states in which 
the Master^s degree has^bcen received, while the remaining states, SI, S3, S4, 
S5, S8, and SO arc imdergraduatc level states, 

/mother .rearranging of states could be used to define the pool of Special Kdu- 
cation teachers. h\ year 2 the pool is all those teachers in states S4, S5, and SG, 
while in year 3, the pool is made up of those teachers in states SO and SIO, 

Data which can bo translated into probabilUies of moving from one state to 
another were collected by the survey instrument designed for this study. The 
method of obtaining and codi)ig these resi>onses is discussed later in this paper. 
For purix)scs of illustration, probabilities of movi)ig liave been assumed for each 
arrow shown in Figure 1, Figure 2 shows these values. As can be seen, the 
sum of the probabilities of leaving each state is 1,0, This reflects the fact that 
everyone must move to a different state in the next time period, These proba-- 
bilities are termed transition pro))abilities as their value reflects the likeliliood 
of moving from one state to another, Thus, when a person receives liis under- 
graduate degree tliere is a 20-pereent el)ancc (probability of . 2) that he will leave 
the field, a . G probability of entering (he field, and a . 2 probability of entering 
the field and attending school part-time for a iMaster^s degree. 

To trace a person througl\ a career pattern as sliown in Figures 1 and 2, 
one need only multiply the probabilities together, Thus, to deternnne the likelihood 
that an undergraduate degree recipient lefi the field immediately after graduating 
and entered tl^c field the year after would mean that tlie person begmi in state SI, 
moved to state S3, and then on to state SO. Tlie probability of doii;g this is 
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.2 X .1 or .02. Tliosc values are from Figure 2; the ,2 is the transition proba- 
bility of inoviniT from i^tate SI to state sa, Iho • I comes from (he probability of 
moving from stole S3 to state SO* Tlio probabilities arc multii)]icd tofrethcr to 
develop the probability of goinp; through bot li states S3 and S9. 

This approach was taken for all possible i)aths to develop the probability of an 
undergraduate ending i?.p in caeh of the four possible states as showi in Figure 1. 
Table 1 shows these results. The value of . 24 for state S8 is derived from the 
fact that a person could arrive at state S8 by either of two paths. If he came via 
state S3, the probability of reaching state SS is . 2 x .9 or .18. If he came via 
state S4, this probability was . G x .1 or .00. These two probabilities are summed 
to obtain the value of . 24. hi a like fashion the probabilities of ending up in state 
S9 and SJ 0 were calculated. An examination of Figure 1 sliows that an under- 
graduate cannot reach state Sll by year 3, hence, this value is zero. 

Table 2 shows the values for the Master^s students. Again, since states SB 
and S9 are undergraduate level states, there is a y.ero chance of a Master's degree 
recipient ending up in these stales. 

The size of the pool of practicing S]:iGcial Fducation teachers can now be esti- 
mated using Tables 1 and 2 in conjunction with the si/o of the undergraduate 
and ]\Iaster^s graduating classes. Recalling that states S9 and SIO comprise the 
pool of practicing teachers in year 3, ,76 of all undergraduates and .82 of all 
Master's arc nou' found in those two states. Thus, if there were 20, 000 imdcr- 
graduates aiid 4,000 Master\s graduates Sw year 1, then the size of the practicing 
pool in year 3, based solely upon the year 1 graduates, would be . 7G x 20, 000 
'\ .82 X 4,000 or 18,480 teachers. The model that KMC htis developed generates 
each relevajit transition probability ajul the prol)alnlity of being in any particular 
state. The values shown in Tables 1 and 2 presei^t the current states of these 
teachers, if the current time is year 3. Later, more detailed examples will be 
sho\M"i of these pvobabilitics aiul current states. 
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Table 1 



PROBABILITY OF AN UNDE RGR^VDUATE DEGREE RECIPIENT 
BEING IN EACH OF THE FOUR STATES 





Year 3 States 


S8 


S9 


SIO 


Sll 


ProbtU^ility of Bcmg in Each State 


.24 


.66 


.10 


.00 



Table 2 

PROBABILITY OF A MASTER'S DEGREE RECIPIENT 

hv.mG m EACH of the four states in year 3 





Year 3 States 


S8 


S9 


SIO- 


Sll 


Probability of Being in Each State 


.00 


.00 


.82 


. 18 



o 

ERIC 



-10- 



It Is now iX)S.siblc to show how {ho model caii be used to ajiswcr some of the 
'^vhat If* questions that can set federal policy. Suppose it were possible 

to alter the mix of undcryraduato mid Mastor^s students graduating each year to 
19,000 and 5, 000. The same munbcr arc graduatmg each year (21, 000), but there 
are more Master students* The size of the pool in year 3 would now be ; 70 x 
19| 000 I- . 82 X 5, 000 or 18, 540, an increase of GO practicing teachers hi addition 
to the higher level of training possessed by the average teacher, as there are now 
720 more teachers with a Master's degree. ^ 

As anotlicr example, assume that one-tenth of those teachers leaving the field 
would have stayed if salaries for nU teachers wore increased by 15 percent. 7'o 
accommodate this, each transition probability associated with leaving the field is 
cut by 10 percent nnd the difference is added to tlie probabilities of remaining in the 
field. Figure 3 shows the i^esultant set of transition probabilities* Exercising 
the model using tliesc transition probabilities produces the current state tables as 
showa in Table 3. This table ^as calculated in the san)e manner as Tables 1 
and 2, 

To project the sizo of the pool in year 3, based upon the 20,000 ajul 4,000 fig- 
ures assumed earlier, the pool would now be •783 x 20,000 4 ,838 x 40,000 or 
19,012, an increase of 532 teachers. 

Wlicn the costs of effecting those cbajigos arc associated with eacli change, the 
n\ost effective strategy can be selected, 

The model actually developed by lUIC was more complieatcd than that described 
above. However, it is hoped tliat the al)ovc exaniplc will suffice to explain how the 
model works and how the imj^act of a policy change or change in some aspect 
coatvollable can be inserted into the model. Later, when transition probability 
matrices arc slio\\7i, they are merely jm orderly way to portray the probabilities 
associated with each arrow in the career i)attcni llcws. Also, when a vector of 



1. The 820 from t!ie 1,000 extra Master's degree recipients niinus ilie 100 
undergraduates wlio would have received a Master\s by year 3 on a part-time basis. 
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Figure 3: Si.MPLK THREE-YKAK DISPLAY OF POSSIBLE S;^;^;"f^OF ^ 

15DUCATION TEACIILRS WITH ALTERED TRANSITION PROBARlLIilLS 
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Table 3 



PU0I3ARILITY OF AN UNDERGRADUATE OR MASTER'S DEGREE RlCCimCNT 
BJ^'ING IN EACH OF THE FOUR STATICS EN YEAR 3 



ProbabiUty of Being in Each State 


Year 3 States 


S8 


S9 


SIO 


sn 


Uiiclergi'adualc 


.217 


.G78 


. 105 


0 


Master's 


0 


0 


.838 


.1G2 



current stales is mentioned, it is sini])ly refer rijig to a table such as Table 1 or 
2, with the probabilities translated into the numboi- of persons in each state. 

One final note: States S4 and S9 are really the same state (in the field with an 
luidergraduatc degree) distingxuslied only by the year in which the state occurs. 
Thus, they are, in essence, examples of persons remaining in the same state as 
time progresses. States S3 and S8, SO and SIO, and S7 and Sll are similar situa- 
tions. 111 the model developed by IIMC, the flow of persons was depicted relative 
to the states that a person was in, a)id not relative to the passage of time. Thus, 
in the next section, where the model actually used is described, a person could 
rcnvam in one of the states shown for several years, 

ANALYSIS OF CARFKR HISIX^HIFS AND ALTERNATIVE STUATKGIKS USING THE 
SPECIAL ICDUCATION MAN POWJCll MODEL 

The model that RMC developed for this study, based upon the preceding con- 
ceptual analyses, willnowbcdiscusscd, \V]\i\o its prime intent was to examine, 
in detail, ccilain aspects of retention, it turned out (hat--as far as the field of 
&'i:)ecial Education is concerned — rates of entry are more important than rates of 
leaving. The pi^eparation of data for the mode] , however, did i)roduce much 
useful data, and indeed, model nms were made to show the minimal impact of 
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trying to affect retention. This model could slill prove itscIuI In assxissing largo 
programs \vhcre small changes in retention rates can be translated into sigiultcant 
dollar savings, 

\Vlillo the ensuing discussion may soiuid somewhat repetitive^ it deset ibes 
the model as nclnally formicated. The previous section presented a muoh more 
simplified version of the model's concept using, however, similar terms. 

The model represents a system of states, or defijiable conditions^ mider which 
Special Kdueation teachers arc m or out of the field, or undergoing fuiihor trailing, 
according to their level of education* Thus, it directly addresses Special Education 
training programs, entiy into the teaching pool, and the career patterns of Special 
Education teachers • Figure 4 displays the set of states ai\d the means of moving 
from one state to another as used in the model, 

The model cojisiders three levels of traming for the Special Education teacher 
--imdorgradu.Ttc, Master's, and post-Master's. At each level i* is assumed that ho 
has the degree. For the undergraduates and MasterVs level teachers, five possible 
states have been identiried. Tliey are; 

o in Special Education^ mcaiiing a full-time teaclior; 

• in Special Education -i^ Part-Time^ meajung a full-^time teacher going to 
school for a liigher degree part-time; 

• I^ill-Time Student, meajiing exactly that; 

e out of Special Education + Part-Time, meajiing not a practicing Special 
Education teacher, but going to school for ii higher degree part-time; and 

o out of Special Educationi meajiing not in the field and not attending school. 

For purposes of coding the resix)nses from the questionnaires, all attendance 
at a imivci'sity for a higher degree, regardless of the major field, was included. 
Also, iho term "in Special Education" includes teachers, administrators, counselors, 
etc., as indicated by the resi-x^ndcnt. 

An imdcrgraduate immediately attains one of the five states described above upon 
receiving his degree. Similarly, when tlie teacher obtahis his Master's degree, he 
may also attain any of the five states at the Master^s level. 
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Within any level* ■ vai^sitlon from my one of the five states to another is allowed. 
The time period of r<.lutiou is one yc:ir--nicaning that only one change in state (or 
remaining in the current state) —is allowed per year. Naturally, during the coding 
of the responses, some judgment was required to decide which state best described 
the teacher, if, say, they indicated that they had made more thvin one change in any 
given year. 

For tl\o post^-Master^s level, only two states were identified — in or out of 
Special Kducallon. 

It was decided to use Die model formulation shown in Figin^e 4 rather than 
that developed earlier for the analysis plan because of the lack of data regarding 
those teachers wlio were perjnanently out of Special Eduoatio)i, Thus, no identi- 
fiable slate for ^^permanently out^' was included. (One can apply, and indeed we 
have, aggregate mortality and retirement rates, by level, to the number of teachers 
at each level to estimate lliis attrition.) 

The previous versioji of the niodel restricted movement within a level and from 
one level to another more severely tlian this version It is now possible for a teacher 
to return to another state at the same level after spending one or more years in full- 
time trainin^\ Also, persons can imdertal<e part*-time training while being out of the 
field. Finally, as mentioned earlier within each level, a teacher can move to any 
state from any other state. 

The model was programmed in FORTRAN for a 370/14(3 computer. It generates 
the transition probabilities from one slate to ajiother (if allowable) as a fimction of 
the number of years since Bachclor^s degree (state CI), maintains a count of the 
number of persons in each state, and provides the means of observing in whieli 
states teachers are after tu\y specified number of years since receipt of their mider- 
gradu[ite, i^Iaster^s, or post-Mastcr^s degree. 

Constraints on the number of teachers placed in Sj^ecial Fducalion jobs can be 
made according to lin:iitations on the number of available slots and the number of 
students receiving undergraduate degrees c:m be increased or decreased each year 
based upon university projections, 

Er|c -ig- 



Hnally, the rates of chanj-^in^; from one ^^ato to nnothcr caii be altered lo reflect 
federal or state policy. Thus, transition of teachers into a full-time training slot can be 
aUcred to reflect tlio availability of fmuUng support, 

Basic to the development of UMC^s model was the generation of a set of de- 
finable oulcome states, or simply ''states, which represent the positions occupied 
by students or teachers at sj^ccifiod periods of time. Figure 4 illustrated the 13 
allowable stales used in the model, each denoted by the nuniber appearijig in the 
lower right-hand corner of the state box. States C2, C3, C7, C8, and C12 comprise 
the pool of practicing teachers, where distinctions among these are fimctions of the 
teachers^ highest level of educational training md whether or not they are enrolled 
in a training progran\ on a part-lime basis. Slates C4 ajul C9 are occupied by 
students enrolled, on a full-time basis, u\ a Master's or Doctorate program, re- 
spectively. The remaining five states, C5, CG, CIO, Cll, aiid C13 are occupied 
by those individuals who arc not practicing Special Education teachers, again allow-- 
iug for differences in educational level and current part-time student status. 

The model is concerned with computing the probability that a person in any 
state at a given tin\o moves to a new state in the next tin\e period. The time period 
of resolution was taken as one year, and thus only one change of state (includiiig the 
possibility of remaining in the current state) is allowed per year. Whereas transi- 
tion from ru)y state to another within the same educational level is permitted, re- 
strictions ax^e placed on the number of allowuhlc inter-educational level tratisitions. 
The arrows in Figure G-4 indicate the permissible transitions. If the probability 
of tivmsiling from slate i to state j in one year is denoted by p,,, then a prlori> the 
following expressions liold: 





^8 




^'i. 10 


^11 




12 " 




13 " 


0, 




^2.8 




^^2. 10 = 


'^2. 11 




12 " 


\ 


13 " 


0, and 


% 7 = 


^'g,8 




^6. 10 


\n 




12 


\ 


13 " 


0, 
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Those three strings of oqualities simply state that if a person with aii luulcrg-raduate 
degree is not enrolled in sehool during one year, he eannot have a Master's or Doc- 
torate degree by the following year. Similarly, 

which depend upon similar rcasoiiing for people with Master's degrees. Other 
zero probabilities are those which represent cases in which the educational level 
of a person in one year is higher than his level in the next year* For these reasons, 
out of total of 13 X 13 1G9 possible transition probabilities, only G8 arc not noces- 
sarilj' zero, - - _ 

A convenient way of representing these probabilities is through the use of a 
tra)isition matrix T, of which each entry p._. is the prooability of an individual in 
state i occupying stale j one year later. Thus, for each arrow shown in Figure 4, 
a non^xcro probability would appear in the matrix. The development of this matrix 
for different student and teacher groups is one of the principal model outputs • 

The second major concept is that of a state vector which is n 13-dimensional 

column vector, the k^'^ entry of which denotes the numljcr of individuals of a given 
, tth 

group occupying thn k state at a given timo. 

If - ihc state vector at year t and T - the transition matrix 

then , - TV, 

t 4 1 t 

V, ^ - TV^ , - T^ V 
t f 2 t ^ 1 t 

and ultimately, V - T^^ V • 
t + n t 

(These relationships are elementary consequences of the theoiy of finite state Mar- 
kov chains and implicitly assume that the transitioii probabilities are stationary. 
That is, that the probabilities p.^ arc independent of time*) Given an initial state 
of teachers, it is then iX)Ssible to dctcrmvaie their state n years later. 
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SAMPl.lNG METHODOLOGY 
SUulont.s 

The students wore to be sampled on the basis of their area of specialisation, size 
of the Special Education department at each university, and level of training during 
1968-.69. To obtain address information, a list of BEH recipients* names was sent to 
a sample of colleges and lunversitics receiving BEH program fundmg. In addition, 
the colleges and universities were requested to submit lists of names and addresses 
for non-BEIi recipients who were in Special Education training during 3968^69, 

A tUrce-by-three matrLx for each student group (recipients and non-recipients) 
was created using three levels of training and three specialty areas^ as the row and 
column headings. Based upon enrollment records held by BEH, it was determined 
that the number of Master's students in training accounted for approximntoly one 
and one-half as many students as those in their senior year; in addition, approxi- 
mately four and one--half times as many Master's students as post-Master's students 
were in training during 1968-G9. The sample was intended to duplicate this distri- 
bution. It was also decided to divide the total number of students to be sampled in 
each specialty area equally among the three educational program levels. This re- 
sulted in a sample plan of 125 seniors, 200 Master^s, aiid 45 post-Master's students 



1, The three speci^^lty arct.s are; 



S ensory Disorders 

Visually liandicapj^cd 
Deaf - Hard of Hearing 
Speech and Hearing 
Deaf - Blind 



Lean\in g Disorders 

Mentally Retarded 
Lcannng Disability 
Emotionally Disturbed 



Other 
Crippled 

Other Health Impaired 
Physically Handicapped 
Administration 
Multiple Handicapped 
Other 



This categorization is used throughout the remainder of this report. 
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iu each of the three specialty areas. The same plan was arplled both to recipients 
and non-recipients for a totnl student sample of 2, 220, 

The total number of students enrolled in the ^'other^' category turned out to bo 
just over 400. After deductions were made for those for \vhon\ valid address infor- 
mation was imavailable, this total number was below that called for by the plan. 
Thus, rather than just sampling students in the '^othcr" category, we resorted to 
sending questionnaires to aU trainees in this area for whom addresses were avail- 
able-'-a total of 201, rather than the 370 called for by the original plan. All subse- 
quent results must be interpreted in light of this fact — the sample was not intended 
to and does ncH reflect the actual proportions of students in the three specialty areas. 

After three waves of mailout, 1, 173 usable quostioimaires were received, for 
an overall response rate of 57 percent, distributed as shosm in Table 4. 

Table 4 

DISTPJ])UTION Cy STIIDENT RESPONSES 





Undergraduates 


Master's 


Post-Master's 


Specialty 


























Area 


Recipients 


Non- 
Recipients 


Recipients 


Non- 
Rccipients 


Recipients 


Non- 
Recipients 


Sensoiy 
Disorders 


84 


71 


127 


108 


30 


27 


Learning 
Disorders 


73 


G7 


121 


105 


35 


26 


Other 

Specialties 


30 


GO 


104 


59 


33 


13 


Total 


187 


198 


352 


272 


98 


G6 
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Teachers 

The lojicher qilestiounaivc was sent to a satnplc of 3,750 pvacticinp; Special 
Education teachers in February 1972. After two follow-up waves of mailoul, a total 
of 2,068 responses were obtained for a response rate of 55 percent. The names 
and addresses of the teachers were drawn from lists provided by state and local 
education ag'encies« States were drawn from eaeli OE region so that a total of 
26 states were represented. Districts in these states were rrmkod according to 
the number of teachers in them, resulting in a sampling fraction for the selection 
of districts for each state. Sampling fractions were then computed for the teachers, 
who were selected using rajidom start procedures. This resulted in a set of weights 
for the teachers used to inflate their responses to the total national teaching popu- 
lation. The weights varied from one (if a teacher was chosen with certainty) to as 
much as 400. The mcmi weight of any teacher response was about 55. 

Although this procedure was meant to provide a sample that was representa- 
tive of the national population of practicing Special Education teachers, our in-- 
ability to obtain complete lists of teachers for sample selection, together with the 
lack of usable responses from all the sclectetl teachers leaves the possil^ility of 
bias in the vecultn. We believe, however, that the weighted responses, if not 
totally representative of the national population, are at least Indicative of it. 

DATA GENERATION 

Since a special format was developed for generating the models input data, it 
is specifically dealt with here. The data on career patterns w^ere obtained from four 
portions of a student/teacher questionnaire. These were: 

• an education section to obtain year of each degree received and 
nature of full-timo/part-timc attendance at universities, 

• an emi^loyment section to determine length of time in jobs and nature 
of current ])asition, 
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0 the current status to obtain current ^Mn^' or "out" status, nnd 

• the incidence of temporary leaving to obtain data on those who 
temporarily left the field. 

In addition, data on the respondents^ sex, specialty ax^a, and level of funding (if 
applicable) were collected. 

Using the above data sources, each questionnaire was examined to determine 
whether a complete picture of the respondent's career was available. This injected 
a bins into tlic teacher data base as the employment section obtained data only on 
the respondent's last four jobs. Thus, the bias is towards yoiuiger ajid/or more 
stably^-eniployod ijidividuals. For the students, the sltuatioi\ was much sin^pler 
since their careers required tracing only since 19G8-C9t (For 400 of the students, 
however, complete histories were obtained as well, iiicluding' prior work and edu*- 
cational experience.) Once it was determined that a com])lcte picture was avail- 
able, the states were selected that best described the respondent's situation in each 
year since receiving his undergraduate degree, 

Some examples will help illustrate tliis process: 

• A teacher has spent five years teaching since receiving his degree. He 
v/ould be coded as; 

1 2 2 2 2 2, where, 

the ^4^* indicates receipt of Bachelor *s and the five ^<2*s^* indicates five 
years as a i>raetieing teacher with an undergraduate degree (state C2 in 
Figu-'o 4), 

• A teacher spent two years teaching, returned full-time to school for a 
Master's, taught for two more years, left the field for one year, returned 
to teach for five years while attending school part-time, obtained his 
Doctorate and has been in the field for three years, nis histoiy wwUd 

be coded as: 

1 2 2 4 7 7 11 8 8 8 8 8 12 12 12, where 
the ^^V^ indicates receipt of Bachelor's degree, 

the two "2's*» indicate teaching two years with an undergraduate degree, 
the '^4'* indicates full-time tov/ards Master^s, 

ErJc _22. 



the two *»7's" iiidicato in Special Kchicntion sviUi I\Irister's, 

the ^'ir^ iiuUcalcwS out of Special l^XUicatioii wUh .Alaster's, 

the five »'S*s^' indicate In the field with Master's, but part-time attend- 
ance at a universit}', and 

the three ^'i2^s'^ indicate in the field with a Doetornte. 

« A teaclier obtained his degree, was out of the field for 16 yoarvS, attended 
a school pan-time for four years, ajid retunicd to the field with a Master^s 
for full-time teachin[;. His pattern would look like: 

1 6 G G 6 G G G 6 G 6 G G 6 6 G G 5 5 5 5 7, where 
the ^'1^' indicates receipt of Bnchclor's degree, 

the 16 '^G's'Mndicate bemg out with an imdergraduate degreei 

the four ^'5^s'^ indicate being out with part-time schooling towards a Master's, 
and 

the "7'^ indicates full-time in the field with a Master ^s, 

Tliesc three examples are intended to explaiJi how the histories were encoded for 
input into the model. In subsequent analyses, reference to the student or teacher ^s 
state will be made. When such a statement is encountered, recall that the states are 

those ehoNvn in FIru>^e 4 and that they represent career histo-ies as shown in the 
above examples, 

The results of a non-respondent analyses indicate that there is no substantial 
difference in the current states of the respondents and non-respondents. Although 
more of the non-respondents were found to be out of tlie field, the probability values 
displayed in tiie remaining portions of the study are not representative. As a final 
note, the results shown are actual computer printouts. They contain tlie probabilities 
to four decimal places. This precision is clearly not meant to be the case, and most 
of the values have standard deviations of . 05 or higher due to the sample si^es (in 
most cases under 100). 
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RKSUI/rS: VKliSION 1 (STATK PROBAHIUTIl^S) 

A matrix 7 wris coniputcd for different stitdont and teacher cohorts, dopcnding 
upon SOX, educational level attained, type of funding received, and specialty area. 
The specific [p*oai)ings cliosen for (ho student tables wore dictated by the requivc- 
ment that the number of qucstionnait*e responses generating data for the cnlcnlations 
was at least ten, They are sliown in Tal>le 5. At the undergraduate level, there was 
no dislinctio]! by sex, as the male percent was so small, At the post- Master's level 
the distinelion by specnalty group was sacrificed and runs were made by sex. The 
teacher mntriecs/ on Die other hand, were prepared for each of the six combinations 
of sex and specially grouping. 

Into-p roting tlie Tabl(>^; 

To illustrate how^ these results are to be intovproted, attention is called to 

Figures 5, 6 and 7, pertaining to female teachers specializing in sensory disorders, ^ 

2 

Figure 5 shows that after receiving their Bachelor's degree (state CI) , 

.4574 of tlio graduates became full-^time teachers (CI C2), 

»1G28 of the graduates became full-time teachej'S but with part-tin^c attendaj)cc 
at a school or ujuversity (CI — ^ C3), , 

• 2093 of the graduates went on directly to full-time training for a Master's de- 

gree (CI C4), 

. 0078 of the graduates did not enter the field of Special Education but went to 
school part-time (CI C5), 

• 1G28 of the graduates left the field and were not attending a school or university 

In the next year (CI — ^ C6), 

,86G7 remained in that status in year t + 1 (C2 --^ C2), 

• 1043 begrm part-time training in year t h- 1 (C2 C3), 



1, Tliese examples use only this combination of female teachers in the spoeialty 
group of Sensory Disorders, The complete set of results is included in the final report, 

2, The notation CI, C2, C3, etc, , refer to the states as shown in Figure 4. 
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Table 5 



COMBINATIONS OF TYPK OF FUNDING bJPPOUT, SEX, LEVEL, AND 

SPECIALTY GROUP USED FOR 
DEVELOPMENT OF STUDENT TRANSITION PROBABILITY MATRICES : 



^Type of l^uiding 
Support 

Level iuid 

Specialty Group "bex 



yj ulcrgrndunte 

Sensory Disorders 
liCaxiilng Disorders 
Other 

M aster \s 

Sensoiy Disorders 
Learning Disorders 
Other 

Post-M aster^s 

Sensory ]:)isorders 
Learning Disorders 
Other 



BEH 
Fellowship 
Recipients 



M 



F 



32 



120 



Non -Recipients 



Other Source 



M 



F 



20 

c3SD 

1T 



No Source 



F 





Unknown Source 



M 



F 



1. The numbers in the ovals indicate the sample size for the combination, 

2. No matrices made, sample included only four observations. 

3. No niatrices were made for those with ujiknovvn fiinding. 
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.0232 be[;nn a full-litnc Master's program In year t + 1 (02 'C4), 
none left the ftcld with partHinio attendance at a luuvcrvSity (C2 — »^ C5}, 

. 0029 left the field in year t -f 1 (C2 — >-CG). 

For each row, similar results can bo obtai^icd from Figure 5. 

Figure 5 was developed from counts of all cases in which teacliers were found : 
to be in one of the 13 possible modul states. The sample size decreases with educa- 
tional level acMcvcd--sincc only about 45 percent of these teachers have an advanced 
degree. Flgairo G shows the supportive base for Figure 5. All 128 teachers 
arc in the data base for the transition from state CI. to states C2 through C6. 

The final portion of this example concerns the vector of curre)5t states. This 
vector is shown in Figure 7. Of the 128 teachers, 4S are currently .teaching full- 
tin^e with an undergraduate degree only; 49 are teaching with a Master^s, and one has 
obtained her Doctorate and is in the fickU Four are currently in school full-time 
(states CM and C9)» and 4 have loft the field (states CG, Cll, mid C13). Twenty-one 
are imdertaking part-time training while teaching full-time (states C3 and C8). Re- 
calling that states C2, C3, C7, C8, and C12 comprise the i>ool of practicing Special 
Education teachers, the size of this pool is 120. 

RESULTS: VRKSION H aNCORPOlUTING TIME IN STATE) 

The computation of the transition matrix has been seen to depend only upon 
whether an individual enters or leaves a specific state. The time that he spends 
occupying the state does not infivionce the calculations, A second version of the man- 
power model relies upon the explicit incorporation of the length of time an individual 
occupies a given state. 

For this version, the analogue of the previous transition matrix is a transition 
matrix where rows ajul columns denote the length of time "tn^' or "out" of Special 
Kducatlon positions. The »4n Special Education" states (C2, C3, C7, C8, and C12) 
wei'c coinbjned as were the five "out of Special Education" states (GS^ C6, GIO, 



Cll, find C13). This was done to keep the matrix to mojiagcablo proportions, con- 
fiistcnl with Ihc size of the data base. Training was also considered as one state— 
rogarcUoss of whether it was the Master's or post-Master's IcvcU The matrices 
were developed for the groups as previously idcntiJIed. 

Int^rj)^ Tables 

Figure 8 shows the specific transition probabilities after being in Special 
Education for 1, 2, 3, 4-5, 6-10, 16-20, 21-30, 31-40, and over 40 years 

for the same female, sensory disorder group as above. For being out of the field, 
the time intervals arc similar. Thus: 

.9537 of the teachers who have taught for one year continue teaching for the 
nextyear (SP ED-*- SP 2), 

.0185 of the teachers who bave taught for one year enter fuU-time training 
(SPED — t-TIlAlN), and 

.0278 of them leave the field (SP ED ~*-OUT 1). 

After teaching for three years the comparable values are .9841, .00, and .0159, 
respectively. These values are obtained by reading horizontally across the rows. 
By reading dov/n the left-hand stub to the state of Interest, the subsequent move- 
ment of the teacher caji be followed. Thus, this output allows for the tracing of 
patterns if desired. Examination of the column headed SP ED (first year as a 
Special Education teacher) shows the rate of flow of those who were out of the field 
(either In training or not) and back into their first year of teacliing. In tills instance, 
the rates are relatively constant (. 09, • 14, .11, ♦ 12) for the first four years that 
a teacher is out of the field without ever havuig taught. 

Figure 9 shows the backup data for Figure b. It is analogous to Figure 6 
discussed above. 

There is also a vector of current states for this output version. It is shown 
in Figure 10^ It shows the current state and for what length of time the respondent " 
has been In that state for each of the 128 respondents. The numbers match those 
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VECTOR OF CURRKNT STA TES FOR FEMALK SENSORY 
DISORDER TEACHERS 



of Figure 7, with four leacliors ])oing in full-tinio training and four currently 
being out, 

MODEL OPERATIONS-- ICXAMPLICS 

The transition prob ability matrices T, developed and shown earlier (Figures 5 
and 8) and the vcctorwS of current state (Fig^ures 7 and 10) serve as the major inputs 
into the modoPs use as an analytic tool. While they themselves were generated by 
the n^odcPs calculations on the string of successive states obtained for each 
respondent from the questionnaires, much can be accomplished by administrators 
using these matrices and vectors as raw material. 

For tlie snmplo svaos indicated in Figure 4, two types of )75ntrlces and two 
types of vectors of current state were produced. Tims, policy makers have the 
transition probabilities for tho<:^ cohorts according to the 13 model states and with 
regard to length of time in selected s.tatos. By multiplying the vector of current states 
by its compainson ti^ansition probability matrix, a projection of the vector of current 
states for the next^ year can be made. By altering one or more of the probabilities 
in the matrix, the estimates of what might happen if things wore diffei^ont can be 
made. This section will show how an analyst can use the detailed tables to assess 
alternative strategies. 

An Exan ^plc of Projectin g the Current S tates Ahead Joi^ a X^jvr 

Using the same set of female sensory disorder teacliers displayed in Figures 5 
through 10, an example of projecting the size of the pool of those teachers in the 
next year will be explained. The operation to be undertaken is quite simple mathe- 
mat.ieally---multiplying the matrix T by the vector V to get V, However, the 
problem is somewhat tedious as several multiplications arc required. Indeed* 
13 X 13 calculations are needed (although some of them are easily done as one of 
the multipUers is zero)* Using Figures 5 and 7 for this example, Figure 6 Is the 



tvnusitiou prohubility mtilrix, T, and Figure 7 is the vector of current stnlcs, V. 
To j)roject fthond to the next year, oucli element in the vector V nuist be muUij)lIctl 
by the relevant trnnsition probabilities. Specifically, the process begins by taking 
Ibe 48 tcaciiers who are in state C2 (from Figv.re 7) in year t (tbc current year) and 
multiplying- this \'ah!C by tlic transition probabilities from Figure 0 that correspond 
to what those in state C2 will do in the next time period. Thus: 

.86G7 of (hem will remain in state C2, 

.lO'ia of them will ii^ovc to slate C3, 

• 0232 of tlicni will move to state C4, 

. 002D of them will move to state CG, and 

none of them will move io states Cl^ C5, C7 through C13. 

MxiUiplymg these probabilities by the number of persons in state C2 (48), we 
calculate that of the 48 in state C2 in time period t, there are 

41.00 remaining in state C2 
5.15 moving to state C3 
1*11 moving to state C4, and 
• 14 moving to state CG in time period t+l* . 

These calculations are made for the remainhig 11 states in the vector of current 
slates {Figure 7). Once done, it is only necessary to add up the persons in each 
state to obtain the new current state vector. For example, with regard to state 
C2 in year t+l, 41.00 came from state C2, 3.48 from state C3, . 11 from state 
C4 and .06 from state CG meaning that there will bo 45,25 teachers in state C2 
in year t+l. 

These calculations were made for all 13 states to produce the following 
vector of current states for year t+l as shown in Figure 11 • The changes In 
this vector arc not striking, but they show that, based vipon the 128 tcacliei^s in 
this sfimplo, the number of teachers out of the nc]d increased from 4 to 5* 08, 
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Figure 11; VECTOl? OV CURRENT STAT}vS FOR FEMALE SENSORY DISORDER 
TEACHERS IN YEAR t-fl 

that the number of teachers with an undcrgtv'^duate degree only fell from 72 to 67.78 
and that the number of practicing teachers with a Master's increased from 52 to 55,55. 

The vector of current states sho\sTi in Figure 11 refers to the cohort of 128 
teachers sampled for the analysis. Thus, there fire no additional teacliers entering 
this cohort via state CI (receipt of vmdergraduate degree). If a federal or state 
administrator wished to project the entire pool of these teachers, then an estimate 
of how many new undergraduates in this cohort (sensory disorder) would be produced 
for year t. On the assumption that this value would be 10, then the vector of current 
states (Figure 7) would be altered to reflect the 10 gi^aduates in state CI, Then, in 
order to prepare the new vector of cvu^rent states (Figure 11) these 10 now teachers 
could be muUipliod by the transition probabilities from state CI to other states* \Vlien 
this was accomplished, the new vector of current states^-reflecting all 128 female 
sensory disorder teachers was produced-^seo Figure 12, As can be seen, each of 
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Figure 12: VECTOR OF CUHRFNT STATES FOR FKMALE SENSORY DISORDER 
TEACHERS IN YICAH t+1 WITH 10 ADDITIONAL UNDERGIUDUATES 

the states C2 tlu'^oiigh CO have been Rffectccl by tliese grachiatcs; t-ilniost half of them 
went to state C2, while the othei^s wei^e distributed about evenly to states C3, C4, 
and C6. 

Such analyses could be continued for several years into the future recalling 
the basic assumption that the rates of moving from one state to another are 
Independent of time. Projections of the size of the pool can be made to reflect 
several assumptions with regard to the nun\l3er of graduates (at any level) that 
BEH can help produce. If, for instance, it is hoped to bring the 10 additional 
graduates used in the above example into the field, then these policies increased 
the pool by 6.2 teachers. 

Analyses based on the changes in the transition probabilities similar to the 
example described earlier can be done on the values shown in Figures 5 and 7, 
Again, we can hypothesize that some policy would reduce tlie rate of teachers 
leaving by 50 percent. Thus, the transition probability of moving from 
state C2 to stale 06 woidd drop from .0029 to .0014, as an example. If these 



values ax^e chanjicd, a new vector of current states can be calculated. This was 
done and It is sliown in Figure 13, As can be seen the number of teachers out 
of the field falls only slightly, fron^ 5,08 to 4»42; thus, the pool is increased by only 
.6(3 teachers. 

Vr-JCTOH OF CUHHENT S'J'ATES 
(Year t H, with halved leaving probabilities) 
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Figure 13: VECTOH OF CUP.Rl^NT STATES FOl^ FEMALE SENSORY DISORDER 
TEACHERS IN YEAR Ul, HALVED l^ATES OF LEAVING THE FIELD 

Since the costs of producing these two changes (the 10 extra teachers and halving 
the rates of leaving) are not currently assembled, a determination of which is the 
most cost-effective cannot be niade* However, it can be seen that relatively large 
changes in the rates of leaving do not markedly affect the size of the pool. Indeed, 
if the rales of leaving became ^ero, the increase in the pool would have only been 
1.32 for this one-year period. 

Summarv 

This paper has tried to show how the manpower model can be used by federal 
and state poHey makers to assess the outcome of proposed strategies, RMC has used 
such manipulations to assist in its analysis of alternative strategies. 



